its CyD complexes were found to be distributed in both the inner and outer phases of o/w type ointment . The release of PD from ointment bases containing PD or its complexes was determined by using an ointment release apparatus (Sartorius Co., Ltd., GOttingen, FRG) with artificial double-layer membranes, as previously reported.
3) The temperature of the release phase (1 00 ml of saline) was held at 34 C. At appropriate intervals, 1 ml samples were removed from the release phase, and mixed with 5 ml of methylene chloride. After centrifugation (2000 rpm, 10 min), the organic phase (3 ml) was transferred to a 15-ml glass-stoppered centrifuge tube and evaporated to dryness at 40 C. The extract was reconstituted in 100 pl of methanol and then 10 of the solution was injected into a highperformance liquid chromatography (HPLC) equipped with a LiChrosorb RP-18 column (10 pm in 4.6 i.d. x 250 mm, Merck) operating at a flow rate of 1.0 ml/min, with methanol-acetonitrile-water mixture (3 : 3 : 4) as a mobile phase. The eluate was monitored spectrophotometrically at 248 nm by measuring the peak height in comparison with those of known amounts of internal standard (cortisone acetate).
Membrane Permeation Studies
The permeation behavior of PD through the double-layer membranes was examined by using the permeation cell apparatus described previously.6) The artificial double-layer membranes used were the same as those in the ointment release experiments. The sample powder (100 mg) of PD or an equivalent amount of [3-or ;i-CyD complex was placed in 50 ml of saline solution in a donor cell. The solution in the permeation cell was stirred with a magnetic bar at 91 rpm at 34 C. At appropriate intervals, 1 ml samples were pipetted from the receptor solution and extracted with 4 ml of chloroform. After centrifugation (2000 rpm, 10 min), the organic phase (3 ml) was transferred to a new tube, and the solvent was evaporated off on a water bath at 40 °C under reduced pressure. The residue was dissolved in 100µl of methanol and assayed for PD by HPLC, as described above. Corrections were made for the cumulative dilution caused by replacement of samples with equal volumes of the original medium.
Uptake by Ointment Base The general procedure is essentially the same as that of Nakano and Patel.') The ointment base was packed in one compartment cell and a 100 ml portion of 4.7 x 10-4 M PD solution in the absence or presence of 9.4 x 10 -4 M f3-CyD or 7.1 x 10 -4 M ,i-CyD was placed in the release compartment. The decrease in PD content of the release solution was determined by HPLC, as described above.
In Vivo Studies---Five rabbits weighing 2.7-3.0 kg were used at intervals between applications of more than two weeks. The hair was removed with electric hair clippers from the intended dosing region of the back, 24 h prior to application of the ointment. The ointment (50 mg) containing PD or its CyD complexes were spread uniformly over the surface of six sheets of thin plastic films (2 x 2 cm2), and the sheets were applied to the shaved surface of the dorsal skin of rabbits. To ensure close contact between the ointment and the skin, the films were covered with adhesive tape. The ointment samples were recovered periodically from the dorsal skin by wiping with absorbent cotton. The ointment samples and the absorbent cotton were then transferred to a new tube and dissolved with 10 ml of methanol with sonication for 30 min. After centrifugation (2000 rpm, 10 min), the supernatant was discarded and a 10 ill aliquot of the aqueous layer was assayed by HPLC as described above. In the pretreatment experiment, the ointment containing f3-CyD alone was applied on the rabbit skin. After the removal of that ointment, the ointment containing PD was then applied, as described above.
Results and Discussion

Drug Release from Ointment Base
The release behavior of the fl-and y-CyD complexes from the hydrophilic ointment base was compared with that of PD alone. Figure 1 shows the amount of PD released from hydrophilic ointments containing PD or its complexes as a function of the square root of time. It is evident that the release rate of PD was significantly increased by complexation, particularly with fl-CyD. The linearity of the plots, except for the initial delay in the case of the /3-CyD complex, may indicate that release of PD is diffusion-controlled.8) However, there was no detectable amount of CyDs in the release phase under these experimental conditions. This suggests that only the free form of the drug can penetrate into the release phase from the ointment base through the artificial membranes.
To gain insight into the mechanism of enhanced drug release due to fl-and y-CyD complexations, uptake and membrane permeation studies were carried out. The drug uptake from saline solution through a cellophane membrane into the hydrophilic ointment was measured to evaluate conveniently the relative affinities of the drug and its complexes for the base in a manner similar to that reported recently.9) As shown in Fig. 2 , the uptake of PD from the complexes into the base was fairly slow compared with that of the drug itself. Figure  3 shows the permeation profiles of PD through the artificial double-layer membranes following the dissolution from PD or its complexes in the donor cell. The rapid dissolution of complexes resulted in an increase in the net amount of PD permeating into the receptor cell. The bulky and hydrophilic complexes seem to have poorer permeability because the permeation through the double-layer membrane is mainly pore size-and partitioncontrolled.1°' ll) In fact, the increase in the permeation rate of the complexes was small compared with that expected from the dissolution profiles.4) Therefore, the rapid dissolution of the complexes may overcome the negative effect of the poor permeability, resulting in a net increase in drug permeation. These results indicate that the enhancement of drug release may be mainly ascribable to the decrease in binding affinity of PD to the inner phase of the o/w type ointment together with the increase in the dissolution rate of PD in the outer phase of the ointment, owing to the hydrophilic CyD complex formation.
In this regard, it is anticipated that PD in CyD complexes may be displaced by some components of the ointment base. Microscopic observation revealed that small amounts of PD crystallites were present in the ointment containing CyD complexes. However, it seems likely that the extent of displacement is not significant because of the relatively large stability constant of PD-CyD complexes (3600 m -1 for fl-CyD complex and 3240 m -1 for 7-CyD complex), as reported previously.5) In fact, it is apparent from Fig. 1 that fl-CyD complex (having a larger stability constant) is much more effective in enhancing the drug release than
In Vivo Studies
From the in vitro observations, it was suggested that f3-and y-CyDs may be useful to improve the topical bioavailability of PD from ointment preparations. Therefore, as a preliminary study on percutaneous absorption, the decrease in PD concentration in the ointment base was measured after application of the ointment to the rabbit skin. Figure 4 shows the time course of the residual amount of PD in the ointment base after the application of hydrophilic ointment containing PD or its complexes in the dorsal region of rabbits. As shown in Fig. 4 , application of both CyD complexes resulted in extensive elimination of PD from the ointment base as compared with the drug alone. The average amounts of PD eliminated from the ointment base at 24 h after application of f3-and 7-CyD complexes to 
